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INTRODUCTION
The phallus is a structure formed by closely related folds of tissue that derives from the ventral wall of the proctodeum in male avian species. It is analogous to the mammal penis, because it transfers ejaculated spermatozoa to the female reproductive organs [1] . There are two types of phalluses, the intromittent (penetrates the female cloaca) and non-intromittent (phallus does not penetrate the female cloaca, male and female cloaca are simple pressed together to transfer sperm). The ostrich phallus is of intromittent type. The erection of the phallus was investigated by R a u t e n f e l d [15] , but this still needs more research using modern techniques [14] .
The gross morphological structure of the ostrich phallus has been described [2, 5, 8] . No information is available on the microvascularization of that segment of the reproductive organs, although the gross pattern of both arterial supply and venous drainage of the male reproductive tract of the ostrich has been investigated [3, 4, 18] . The paracloacal vascular body (corpus vasculare paracloacale) is the source of lymph that erects the phallus in ducks and roosters [8] . Reports on the corpus paracloacalis vascularis of the domestic fowl [12, 19, 20] , turkey [11] and Guinea fowl [17] have been presented.
In the rooster, the paracloacal vascular body is a small, red oval structure located in the wall of urodeum close to the receptacle of the deferent duct; it is covered with a connective tissue capsule [12] . In light microscopy, the paracloacal vascular body reveals capsule, trabeculae, capillary cords and lymphatic spaces. The lymphatic spaces are divided into peripheral lymphatic spaces under the capsule and the internal lymphatic spaces in the parenchyma [19] . Lymphatic channels are present close to a group of capillaries [7] . The trabeculae have one or two arterioles and venules inside.
SEM of corrosion casts reveal anastomosing vascular cords between which lay lymphatic spaces [19] . Transmission electron microscopy reveals capillaries and many pericytes in the cords with a layer of endothelial cells with rare fenestrations with diaphragm [19] . G u n a w a r d a n a and S c o t t [7] also described fenestrations in the endothelial processes but in this instance they did not show any diaphragms. In the turkey, two units of paracloacal vascular body are located caudoventrally to the proctodeum [11] . This structure possesses large lymphatic sinuses. Several capillaries are inside the paracloacal vascular body and they are surrounded by lymph sinuses. In the turkey, the connective tissue cords also contain blood vessels and form a network that supports the intervening lymphatic spaces [11] . In the guinea fowl, the paracloacal vascular body comprises a capsule, peripheral and internal lymphatic sinuses, trabeculae and capillary cards. Arterioles and venules are present, and the capillaries display rare fenestrations [17] . For a review of the structure of the paracloacal vascular body see [8, 10] .
The paracloacal vascular body is present in different avian species, the names given to it by different authors may differ. K i n g [9] in Nomina Anatomica calls it "Corpus vasculare phalli", and refers to other names "Glomera corporis vasculare phalli", "Lymphobulbus phalli"; this name was used also by R a u t e n f e l d [8] .
The paracloacal vascular body received attention because of the absence of accessory sexual glands in male birds and the involvement of this body in the erection of the phallus [8, 20] . The paracloacal vascular body is believed to supply lymph to the phallus for erection in various avian species such as the fowl and the duck [8] and
This study determined the distribution and structure of microvasculature in the phallus of the ostrich using India ink injection (Light Microscopy) and Transmission Electron Microscopy (TEM).
MATERIALS AND METHODS
The torsos of 18 sexually mature and active male ostriches, were obtained from the Oryx abattoir in Krugersdorp, Gauteng, in South Africa. The vascular system of the reproductive tract of six of the ostriches was flushed free of blood by injecting physiological saline through the descending aorta. The descending aorta was carefully perfused directly in its thoracic segment. The vessel was cannulated and physiological saline was injected into the arterial system.
For the study of the arterial system, the descending aorta of six birds were injected with India ink, and for the venous system, another six birds were injected with India ink through the caudal vena cava.
Tissue blocks of the phallus were prepared for light microscopy, selected areas were removed, trimmed into small blocks and immersion-fixed in 10 % buffered formalin for a minimum period of 48 hours. The tissue blocks were conventionally processed for light microscopy, and histological sections were stained with haematoxylin and eosin (H & E).
The distribution of the arteries and veins was studied and described using an Olympus BH-2 microscope and appropriate information was digitally recorded with a Nikon Coolpix 4500 digital camera. The diameter of the vessels was determined with the aid of a calibrated stage micrometer (Graticules Pyser-SGI Ltd., UK).
For transmission electron microscopy (TEM) the vascular system of the reproductive tract was flushed free of blood, in six birds, as described above. Small blocks of tissue were removed from the phallus and the sponge-like tissue (consisting of numerous lymph spaces traversed by connective tissue septa or struts), immersed in 2.5 % glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4). The specimens were stored at 4 °C prior to processing for TEM. In the lab the tissue blocks were conventionally processed for TEM.
RESULTS

General morphological features
The phallus, was attached to the ventral wall of the cloaca, it comprised of a base and a conical shaft. In general, the phallus comprises two fibroelastic bodies, one phallic sulcus, one elastic vascular body and one pair of muscles.
The phallus was lined externally by stratified squamous epithelium, and its root was surrounded ventro-laterally by a sponge-like tissue (Figs. 1, 2 ). The walls of the phallic sulcus were composed of erectile tissue, they were lined externally by stratified squamous epithelium (Fig. 3 ). The phallic sulcus was dorsally situated, it originated close to the papilla of deferent duct and extended until the tip of the organ.
Observations of blood vessels distribution
The naming of blood vessels (blood capillaries, arterioles, arteries, venules and collecting veins) was done according to the dimensional criteria supplied by R h o d i n i [16] .
The root of the phallus was surrounded ventro-laterally by a sponge-like structure consisting of numerous large lymph spaces traversed by connective tissue septa or struts. The connective tissue struts were richly supplied with capillaries, relatively large arterial vessels (Fig. 1) as well as abundant venules and large collecting veins (Fig. 2) .
The connective tissue septa were randomly arranged and varied in size and shape, but all were characterised by an extensive network of blood vessels as indicated above. The variably sized intervening lymphatic spaces communicated with each other forming an extensive lymphatic reservoir.
The walls of the phallic sulcus were composed of closely packed, regularly spaced mucosal folds covered by a stratified squamous epithelium. The surface epithelium was supported by a relatively wide layer of connective tissue characterised by an extensive network of small lymph spaces.
This well-developed layer of erectile tissue displayed a zone of smaller blood vessels, mainly capillaries, lying beneath the epithelium, whereas larger, randomly distributed arterioles and a few sparsely distributed venules were scattered throughout (Fig. 3) . When compared to the spongy tissue at the root of the phallus, the erectile tissue lining the phallic sulcus presented relatively few capillaries and venules.
Numerous lymphocytes were also a feature of this tissue.
The lymph spaces communicated with larger spaces situated in a deeper zone of connective tissue. This zone resembled some of the features of the spongy tissue described above, although the septa were more substantial, forming a greater proportion of the tissue. Numerous capillaries, arterioles and some larger arterial vessels were prominent within the septa. Prominent accumulations of colloid-like substance were obvious in the larger lymph spaces indicating the presence of lymph (Fig. 3) . 
Ultrastructural features
The capillaries located in the connective tissue struts forming the spongy tissue at the base of the phallus (Figs. 4 B, C) displayed both wide and attenuated endothelial profiles. The most obvious morphological feature was the presence of numerous wide fenestrations beneath which the basal lamina remained continuous (Fig. 4 C) . A diaphragm sealing the fenestrations could not be convincingly demonstrated in the material studied. Numerous cytoplasmic processes extended into the lumen from the surface of the endothelium. In certain areas the cytoplasmic processes appeared to enclose and sequester luminal contents. During this process the cytoplasmic extensions trapped material from the lumen and interiorized it into the endothelium, This spongy tissue in the ostrich has been termed the "great erectile cushion" [8] , "lymphobulbus phallus" [15] and "lymphobulbus phalli" in Nomina Anatomica Avium [9] .
The paracloacal vascular body is considered to be an accessory organ of the phallus. It develops at puberty and transmits lymph from arterial vessels into the phallus, during tumescence [6] . Earlier authors suspected the presence of the paracloacal vascular body in the ostrich [8] , but they failed to provide adequate evidence of its existence. This report therefore is the first to localize, describe the gross and histological features of this organ, as well as describe its microvasculature.
In the rooster, the paracloacal vascular body is a small, The basic structure of the paracloacal body, namely, lymph-filled spaces separated by vascular-rich fibrous cords as described in the fowl [7, 19] has also been con- observed only a few fenestrations in the blood capillary endothelium of the fowl and guinea fowl respectively, G u n a w a r d a n a and S c o t t [7] described numerous fenestrations without closing membranes in the rooster. body contains an inner core of erectile tissue [8] .
CONCLUSIONS
In conclusion, this study demonstrated that the lymphobulbus phalli and erectile tissue of the phallic sulcus, the presence of many fenestrations in the capillaries, arterioles and venules reflect the potential for rapid fluid exchange consistent with the process of erection and detumescence.
Additionally, the relatively loose arrangement of overlapping endothelial cells connected by only a few adhering junctions in these vessels would also assist in the rapid drainage of lymph from the lymph spaces to the blood circulation during detumescence.
